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Abstract: Older cancer patients have an elevated risk of sarcopenia. The aim was to estimate
the prevalence of four criteria for sarcopenia case finding, assessment, diagnosis, and severity
determination: abnormal strength, assistance with walking, rising from a chair, climbing stairs, and
falls (SARC-F), low hand-grip strength (HGS), low arm circumference (AC, a muscle mass proxy), and
low physical performance (PP). Sarcopenia (low HGS and AC) and severe sarcopenia (low HGS, AC,
and PP) and their predictive values for 6-month mortality were estimated in the whole population
and by metastatic status. We analyzed data from the NutriAgeCancer French nationwide study of
cancer patients aged≥70 referred for geriatric assessment before anti-cancer treatment. We performed
Cox proportional hazards analysis for each criterion separately and all criteria combined. Overall,
781 patients from 41 geriatric oncology clinics were included (mean age: 83.1; females: 53%; main
cancer types: digestive (29%) and breast (17%); metastases: 42%). The prevalence of abnormal SARC-
F, low HGS, a low AC, low PP, sarcopenia, and severe sarcopenia were, respectively, 35.5%, 44.6%,
44.7%, 35.2%, 24.5%, and 11.7%. An abnormal SARC-F and/or low HGS, sarcopenia, and severe
sarcopenia were associated with 6-month mortality in patients with metastases (adjusted hazard
ratios [95% confidence interval]: 2.72 [1.34–5.49], 3.16 [1.48–6.75] and 6.41 [2.5–16.5], respectively).
Sarcopenia was strongly predictive of 6-month mortality in patients with metastatic cancer.
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1. Introduction

Sarcopenia is a disorder characterized by progressive, generalized skeletal muscle
loss, which is associated with several adverse outcomes [1]. Older patients with cancer
are exposed to a greater risk of sarcopenia. In addition to physiological changes in muscle
mass and function associated with advanced age, older cancer patients are affected by the
physical and metabolic effects of the cancer disease itself and its treatment on the skeletal
muscle mass [2,3].

The prevalence of sarcopenia in patients with cancer varies significantly according to
the type of cancer and stage, the criterion or criteria applied, and the assessment methods
used [4]. In a recent systematic review and meta-analysis of eight studies encompassing a
total of 5744 patients with breast cancer, the prevalence of sarcopenia was 37.6% overall,
36.3% among patients with non-metastatic cancer, and 55.1% among those with metastatic
cancer [5]. In another systematic review of older patients with cancer receiving radiotherapy,
the prevalence of sarcopenia ranged from 42.8% to 72% [6].

The identification and assessment of sarcopenia is of particular importance in patients
with cancer as it has been significantly associated with a poorer prognosis, an elevated
risk of postoperative complications, a longer stay in hospital, and greater chemotherapy
toxicity in a wide variety of cancer types [7–12].

The European Working Group on Sarcopenia in Older People 2019 (EWGSOP2) re-
cently suggested an operational definition of sarcopenia based on a stepwise clinical path
algorithm for case finding, assessment, diagnosis and severity determination [1]. EWGSOP2
advises using the SARC-F questionnaire to screen for individuals at risk of sarcopenia [13].
Probable sarcopenia is then identified by low muscle strength, using hand-grip strength
(HGS) or chair stand measurements. Sarcopenia diagnosis is confirmed when low muscle
strength and low muscle quantity or quality are present. The EWGSOP2 recommends
muscle evaluation by dual-energy X-ray absorptiometry and bioelectrical impedance as-
sessment in routine clinical care. Lastly, indices of physical performance (PP, mainly the
Short Physical Performance Battery, the timed-up-and go (TUG) test, and the 400 m walk
test) are recommended for assessing the severity of sarcopenia. If the recommended muscle
mass measurement methods are not available, the EWGSOP2 suggests using calf circumfer-
ence as a proxy diagnostic marker in older adults. On the same lines, arm circumference
(AC) has been suggested as an alternative index of muscle mass for the identification of
sarcopenia [14–16].

The associations between mortality and each EWGSOP2 sarcopenia criterion (case
finding with SARC-F, muscle strength, muscle mass/quality, and PP) have been studied in
several settings, including older patients in general and older patients with cancer [17–19].
However, to the best of our knowledge, it is not known whether the combination of an
anthropometric muscle mass evaluation method with low HGS is able to predict mortal-
ity. Moreover, the use of the EWGSOP2 algorithm (including the SARC-F) to categorize
sarcopenia has not previously been studied.

The present study aimed to (i) assess the prevalence of (and relationships between)
the four EWGSOP2 criteria (corresponding to an abnormal SARC-F result, low HGS, a low
AC, and an abnormal TUG completion time) in older patients with cancer, (ii) estimate the
prevalence of sarcopenia and severe sarcopenia, using an anthropometric proxy measure of
muscle mass, and (iii) assess the respective abilities of SARC-F, HGS, AC, sarcopenia, and
severe sarcopenia to predict 6-month mortality (overall and by metastatic status), in the
population as a whole and in the subpopulations defined by the EWGSOP2 algorithm.
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2. Materials and Methods
2.1. Study Design and Patients

We analyzed data on patients aged 70 or over from the NutriAgeCancer study, which
is a French survey of a nationwide network of geriatric oncology clinics. All the patients
had been referred to a geriatric oncology clinic for a geriatric assessment (GA) before
anti-cancer treatment [20]. Patients who were unable to understand information about the
study and/or give their consent to participation were not included in the study.

In a cross-sectional analysis, we included patients with available data on the four criteria.
For the survival analysis, we included patients for whom follow-up data were also available.

All participants gave their informed consent before inclusion in the study. The study
was approved by the local independent ethics committee (CCP Ile de France XI, Paris,
France; reference: IDRCB 2017-A01397-46, 17035) and is registered at ClinicalTrials.gov
(NCT03390816).

2.2. Data Collection

Demographic data (age, sex, and outpatient status), data related to cancer (site,
metastatic status, and cancer treatment decision: curative, palliative or supportive care
alone), and the Eastern Cooperative Oncology Group Performance Status were registered at
baseline [20]. Geriatric information in different health domains was evaluated: functional
status (activities of daily living [21]), mobility (TUG test completion time [22]), cognitive
status (the Mini Mental State Examination score (MMSE) [23] and the presence or ab-
sence of a physician-diagnosed cognitive disorder), mood (mini-Geriatric Depression Scale
score [24]), comorbidities (the updated Charlson Comorbidity Index [25]), polypharmacy,
and nutritional status (i.e., weight loss over the previous 6 months, and the body mass
index (BMI)). The risk of frailty was defined as a G-8 score of 14 or less out of 17 [26].

2.3. Criteria for Sarcopenia Case-Finding, Assessment, Diagnosis and Severity Determination
2.3.1. The SARC-F Questionnaire

The SARC-F is a five-item self-reported questionnaire that captures the patient’s
perception of limitations in strength, walking ability, rising from a chair, stair climbing, and
experiences with falls. The score ranges from 0 (best) to 10 (worst), and a total score of
4 or more is considered to be abnormal [13,27].

2.3.2. Hand-Grip Strength

Muscle strength was assessed through the patient’s HGS, as measured twice for the
dominant hand using a Jamar® (Model J00105; Sammons Preston, Bolingbrook, IL, USA)
hand-held hydraulic dynamometer [28]. Low HGS was defined as a value of <27 kg for
men and <16 kg for women [1].

2.3.3. Arm Circumference

Arm circumference was used as a proxy marker of muscle mass. It was measured
using a flexible, non-stretch tape laid at the midpoint between the acromion and olecranon
processes of the upper arm. Cut-off points varies according to different studies; mostly
27 cm and 29 cm are used, according to optimal discrimination or lower tertile or quartile.
In our study, the lower tertile was≤ 24 cm, which was much lower than other cut-off points
used in the literature. Low AC was defined as a value of <26 cm for men and <25 cm for
women, according to the sex-specific median values in this population.

2.3.4. The TUG Test

The patient was asked to stand up from a chair, walk 3 m, and return to sit down [22].
Low PP was defined as an abnormal TUG completion time of ≥20 s [1] or the inability to
perform the test.

Probable sarcopenia was defined as a low HGS [1]; sarcopenia was defined as low
HGS and a low AC; and severe sarcopenia was defined as low HGS, a low AC, and low PP.
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2.4. Outcome

The outcome was mortality 6 months after geriatric assessment, which was determined
by telephoning the patients or family members or obtained from medical records.

2.5. Statistical Analysis

We analyzed demographic and clinical characteristics and the results of the GA. Quanti-
tative variables were expressed as the median (interquartile range) and categorical variables
were expressed as the frequency (percentage). The prevalence and the corresponding 95%
confidence interval (CI) were estimated for an abnormal SARC-F, low HGS, a low AC, and
low PP. The overlaps between the four criteria were evaluated. Their associations were
assessed using the chi-square test.

In a survival analysis, the cumulative survival probability for each criterion group was
calculated using the Kaplan–Meier method and compared using the log-rank test. Multivariate
Cox proportional hazard analyses were performed for each criterion after adjustment for age
(≥85), cancer site, metastatic status, cancer treatment decision (curative, palliative, or supportive
care), low body weight (BMI <22 kg/m2), weight loss in the previous 6 months (>5%), the
number of prescription medications per day, outpatient status, and cognitive impairment (an
impaired MMSE score (<24) or a physician-diagnosed cognitive disorder) [20] overall and by
metastatic status. On the basis of these results and the literature data [1], we then created two
composite variables. The first classified each patient with regard to sarcopenia, according to
the EWGSOP2 consensus definition: (i) no sarcopenia (normal HGS), (ii) probable sarcopenia
(low HGS only), (iii) sarcopenia, or (iv) severe sarcopenia. The second composite variable
included the SARC-F result in the definition: (i) a normal SARC-F score (<4) and normal HGS
(the reference category), (ii) an abnormal SARC-F score and/or low HGS, (iii) sarcopenia, and
(iv) severe sarcopenia. Interaction terms were assessed using the Wald test. Multivariate Cox
proportional hazard models were created for each composite variable, overall and by metastatic
status. Hazard ratios (HRs) and their 95% CIs were computed. Discrimination was assessed
using Harrell’s C-index [29] and the K-concordance statistic [30]. C-index values of 0.70–0.79
and 0.80–0.89 correspond to good and very good discriminative ability, respectively [31]. A
higher K-concordance statistic indicates better discriminative ability. Calibration was assessed
using the slope test: a p-value above 0.05 indicated good calibration. The proportional hazard
assumption was tested by Schoenfeld residual plots and was met.

In a sensitivity analysis addressing one of the study’s objectives, we used multivariate
Cox proportional hazard models to analyze the EWGSOP2′s algorithm in the different
subpopulations as a function of the SARC-F and HGS results.

All tests were two-tailed, and the threshold for statistical significance was set to
p < 0.05. Analyses were performed using the Stata software (version 16, StataCorp. 2019.
Stata Statistical Software: Release 16. StataCorp LLC., College Station, TX, USA).

3. Results
3.1. Characteristics of the Study Population

In total, 781 patients were included in the cross-sectional analysis and 640 were
included in the survival analysis (Supplementary Figure S1). Mean age was 83.1 ± 5.99,
53% were women, and 42% had metastases (Table 1). The most frequent cancers were
digestive tract cancers (29%) and breast cancer (17%). Curative treatment was decided for
half the patients. A high proportion of patients (87%) were at risk of frailty (G-8 score ≤14).
Almost half of the patients (47%) had lost more than 5% of their body weight in the last
6 months. Cognitive impairment and a risk of depression were present in around 40% of
the patients.

3.2. Prevalence of and Relationships between Criteria for Sarcopenia

The prevalence of an abnormal SARC-F result, low HGS, a low AC and low PP were
respectively 35.5% [95%CI: 32.1–38.9%], 44.6% [41.0–48.1%], 44.7% [41.2–48.3%], and 35.2%
[31.9–38.7%] (Table 1).
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Table 1. Characteristics of the study population (n = 781).

Characteristics N %

Age Mean ± standard deviation 83.1 ± 5.99

≥85 years 314 40.2

Sex Males 365 46.7

Poor performance status ECOG-PS ≥ 2 334 43.8

Cancer type Head and neck 34 4.4

Esophageal/stomach 45 5.8

Pancreas/liver 62 7.9

Colorectal 118 15.0

Prostate 58 7.4

Urinary tract 67 8.6

Lung 79 10.1

Breast 134 17.2

Gynecological 71 9.1

Hematological 42 5.4

Others a 71 9.1

Metastasis 328 42.3

Treatment, missing: n = 4 Curative 388 49.9

Palliative 314 40.4

Supportive care 76 9.8

Score G-8 Abnormal: ≤14/17 547 86.7

Dependency ADL ≤5/6 249 32.0

Cognitive impairment MMSE ≤23/30 or physician-diagnosed
disorder 277 38.0

Risk of depression mini-GDS ≥1/4 284 40.6

Comorbidities Updated Charlson Comorbidity Index,
median (IQR) 5 (3–7)

Prescription medications Number taken daily 6 (3–8)

Malnutrition MNA score <17/30 105 14.8

Underweight, missing: n = 3 BMI <22 kg/m2 213 27.3

Weight loss, missing: n = 75 >5% in the previous 6 months 335 47.2

Low serum albumin <35 200 37.9

High serum CRP >10 242 50.1

SARC-F Normal: <4/10 pts 504 64.5

Abnormal: ≥4/10 pts 277 35.5

Hand-grip strength Median (IQR), men 26 (20–33)

Median (IQR), women 18 (12.5–20)

Normal: ≥27 kg for men; ≥16 kg for women 433 55.4

Low: <27 kg for men; <16 kg for women 348 44.6

Arm circumference Normal: ≥26 cm for men; ≥25 cm for women 432 55.3

Low: <26 cm for men; <25 cm for women 349 44.7

Timed up-and-go test Normal: ≤20 sec. 506 64.8

Abnormal: >20 sec. 199 25.5

Unable to perform the test 76 9.7

ADL, activities of daily living; BMI, body mass index; CRP, C-reactive protein; ECOG-PS, Eastern Cooperative
Oncology Group-Performance Status; GDS, geriatric depression scale; IQR, interquartile range; MMSE, mini
mental state examination; SARC-F, strength, assistance with walking, rising from a chair, climbing stairs, and falls.
a Skin (n = 31), sarcoma (n = 15), unknown origin (n = 6), thyroid (n = 3), others (n = 16).
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We found strong associations between SARC-F, HGS and the TUG test result
(p < 0.0001; Table 2). AC was strongly associated with HGS (p < 0.0001), less strongly
associated with the SARC-F (p = 0.047) and not associated with the TUG test result
(p = 0.33).

Table 2. Associations between four criteria for probable sarcopenia in older patients with cancer.

SARC-F Hand-Grip Strength Arm Circumference

Normal Abnormal p-Values Normal Low a p-Values Normal Low b p-Values(<4/10 pts) (≥4/10 pts)

N (%) N (%) N (%) N (%) N (%) N (%)

Hand-grip strength Normal 328 (65.1) 105 (37.9) <0.0001
Low a 176 (34.9) 172 (62.1)

Arm circumference Normal 292 (57.9) 140 (50.5) 0.047 275
(63.5)

157
(45.1) <0.0001

Low b 212 (42.1) 137 (49.5) 158
(36.5)

191
(54.9)

Timed
up-and-go test

Normal (≤20 s) 431 (85.5) 75 (27.1) <0.0001 317
(73.2)

189
(54.3) <0.0001 283

(65.5)
223

(63.9) 0.33

Abnormal (>20 s) 69 (13.7) 130 (46.9) 99 (22.9) 100
(28.7)

113
(26.2) 86 (24.6)

Unable to perform
the test 4 (0.8) 72 (26.0) 17 (3.9) 59 (17.0) 36 (8.3) 40 (11.5)

a <27 kg in men and <16 kg in women; b <26 cm for men and <25 cm for women.

Of the 781 patients in the study, 176 (22.5%) had normal scores for the four criteria
and 605 (77.5%) had at least one abnormal criterion: 226 (28.9%) had only one abnormal
criterion, 192 (24.6%) had two abnormal criteria, 109 (14%) had three abnormal criteria, and
78 (10%) had four abnormal criteria (Figure 1).
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Figure 1. Overlap between four criteria for probable sarcopenia in older patients with cancer (n = 605).

Sarcopenia was present in 191 patients (24.5%; 95%CI: 21.5–27.6%). Almost half of
these (n = 91; 47.6%) presented severe sarcopenia (11.7% of the whole population; 95%CI:
9.5–14.1%). The prevalence of sarcopenia was similar in patients with metastatic cancer
and those with non-metastatic cancer (24.7% vs. 24.4%, respectively).

3.3. The Survival Analysis

The median follow-up time was 6 months (interquartile range: 5.07–6.97). The
6-month overall mortality rates [95%CI] for the whole population with follow-up data
(n = 640), for patients with non-metastatic cancer (n = 364), and for patients with metastatic
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cancer (n = 276) were, respectively, 23.8% [20.4–27.5%], 15.2% [11.7–19.7%], and 34.7%
[29.0–41.1%].

Kaplan–Meier curves for each criterion showed significantly lower 6-month survival
rates for patients with abnormal or low scores (p < 0.006; Figure 2).

Nutrients 2023, 15, x FOR PEER REVIEW 8 of 15 
 

 

 

Figure 2. Kaplan–Meier survival curves for four criteria for probable sarcopenia. 

In a multivariate analysis, the SARC-F, HGS, and TUG test result were independently 

associated with 6-month mortality in the study population as a whole, while AC was not 

significant (adjusted HR (aHR) = 1.49; 95%CI: 0.96–2.32; p = 0.074). The 6-month mortality 

risk for patients with an abnormal SARC-F was similar to that for patients with a low HGS 

when compared with patients with a normal SARC-F or a normal HGS (Table 3); the aHRs 

were 1.82 [95%CI: 1.20–2.77] for an abnormal SARC-F and 1.79 [1.16–2.75] for a low HGS. 

Concerning the TUG test result, only patients unable to perform the test had a higher risk 

of death than patients with a normal TUG test result (aHR = 2.29 [1.32–3.97]). With regard 

to metastatic status, statistically significant associations with 6-month mortality were ob-

served in patients with metastatic cancer but never in patients with non-metastatic cancer. 

Table 3. Multivariate analysis of criteria for probable sarcopenia as predictors of 6-month mortality. 

  
Overall Population  

N = 536 

Non-Metastatic Can-

cer 

n = 309 

Metastatic Cancer 

n = 227 

Criteria  aHR a p-value aHR a p-value aHR a p-value 

SARC-F Normal (score < 4) 1(ref) 0.005 1(ref)  1(ref)  

 Abnormal (score ≥ 4) 
1.82 (1.20–

2.77) 
 

1.61 (0.78–

3.35) 
0.20 

1.94 (1.10–

3.43) 
0.022 

Figure 2. Kaplan–Meier survival curves for four criteria for probable sarcopenia.

In a multivariate analysis, the SARC-F, HGS, and TUG test result were independently
associated with 6-month mortality in the study population as a whole, while AC was not
significant (adjusted HR (aHR) = 1.49; 95%CI: 0.96–2.32; p = 0.074). The 6-month mortality
risk for patients with an abnormal SARC-F was similar to that for patients with a low HGS
when compared with patients with a normal SARC-F or a normal HGS (Table 3); the aHRs
were 1.82 [95%CI: 1.20–2.77] for an abnormal SARC-F and 1.79 [1.16–2.75] for a low HGS.
Concerning the TUG test result, only patients unable to perform the test had a higher risk of
death than patients with a normal TUG test result (aHR = 2.29 [1.32–3.97]). With regard to
metastatic status, statistically significant associations with 6-month mortality were observed
in patients with metastatic cancer but never in patients with non-metastatic cancer.

When considering the first composite variable (the EWGSOP2 consensus definition
of sarcopenia), only patients with sarcopenia or severe sarcopenia had a higher 6-month
mortality risk than patients without sarcopenia (Table 4). When analyzing the composite
variable that included the SARC-F in the definition of sarcopenia, patients with an abnormal
SARC-F and/or low HGS, those with sarcopenia, and those with severe sarcopenia had a
higher 6-month mortality risk than patients with normal SARC-F and HGS results (Table 4);
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we observed a significant linear trend for the HRs (p < 0.001). Both models showed very
good discriminative ability (Harrell’s C-index >0.8 and K-concordance statistic ≥0.78) and
good calibration (p > 0.5).

Table 3. Multivariate analysis of criteria for probable sarcopenia as predictors of 6-month mortality.

Overall Population N = 536 Non-Metastatic Cancer
n = 309

Metastatic Cancer
n = 227

Criteria aHR a p-value aHR a p-value aHR a p-value

SARC-F Normal (score < 4) 1(ref) 0.005 1(ref) 1(ref)
Abnormal (score ≥ 4) 1.82

(1.20–2.77)
1.61

(0.78–3.35) 0.20 1.94
(1.10–3.43) 0.022

Hand-grip strength Normal 1(ref) 0.008 1(ref) 1(ref)
Low (<27, men;
<16, women)

1.79
(1.16–2.75)

0.90
(0.44–1.85) 0.78 2.61

(1.52–4.47) <0.0001

Arm circumference Normal 1(ref) 0.074 1(ref) 1(ref)
Low (<26, men;
<25, women)

1.49
(0.96–2.32)

1.04
(0.49–2.17) 0.92 1.73

(0.98–3.04) 0.057

Timed up-and-go test Normal (≤20 s) 1(ref) 0.004 1(ref) 0.06 1(ref) 0.13
Abnormal (>20 s) 0.90

(0.55–1.48) 0.67 0.49
(0.19–1.23) 0.13 1.04

(0.56–1.94) 0.90
Unable to perform

the test
2.29

(1.32–3.97) 0.003 1.51
(0.63–3.61) 0.36 2.32

(1.01–5.32) 0.048

SARC-F, strength, assistance with walking, rising from a chair, climbing stairs, and falls. a Hazard ratios adjusted
for age, in/out patient status, cancer site, metastatic status, cancer treatment, cognitive impairment, underweight,
weight loss, and number of prescription medications per day.

Table 4. Adjusted hazard ratios for two composite variables for sarcopenia and 6-month mortality.

Composite Variables for Sarcopenia aHR a [95%CI] p-Value

According to the EWGSOP2 definition

No sarcopenia (normal HGS) 1.00 (ref) 0.009
Probable sarcopenia (Low HGS) 1.31 [0.75–2.30]

Sarcopenia (Low HGS and low AC) 2.07 [1.19–3.61]
Severe sarcopenia (Low HGS, low AC, and low PP) 2.52 [1.38–4.62]

Including the SARC-F in the definition

Normal SARC-F and normal HGS 1.00 (ref) 0.003
Abnormal SARC-F and/or low HGS 1.81 [1.03–3.19]
Sarcopenia (Low HGS and low AC) 2.63 [1.41–4.91]

Severe sarcopenia (Low HGS, low AC, and low PP) 3.37 [1.70–6.70]

EWGSOP2, European Working Group on Sarcopenia in Older People 2019; HGS, hand-grip strength; AC, arm
circumference; PP, physical performance; SARC-F, strength, assistance with walking, rising from a chair, climbing
stairs, and falls. a Hazard ratios adjusted for age, in/out patient status, cancer site, metastatic status, cancer
treatment, cognitive impairment, underweight, weight loss and number of prescription medications per day.

After stratification by metastatic status, we did not observe associations in patients
with non-metastatic cancer but found associations similar to those described above in
patients with metastases. The aHRs were higher—particularly in patients with severe
sarcopenia (Figure 3).

The C-index and the K-concordance statistic were, respectively, 0.78 and 0.75 for the model
with the EWGSOP2 composite variable, and 0.79 and 0.76 for the model including the SARC-
F. Both models had a greater discriminative ability than the baseline model (C-index: 0.76;
K-concordance statistic: 0.73). The results did not change greatly after the exclusion of patients
who were not able to perform the TUG test (n = 61) (Supplementary Figure S2).

3.4. Sensitivity Analysis

Of the 640 patients with available follow-up data, 223 had an abnormal SARC-F score,
and 136 of the 223 had low HGS (i.e., probable sarcopenia). In the multivariate Cox model
of the population of 223 patients with an abnormal SARC-F, HGS was not predictive of
6-month mortality (Supplementary Table S1). Overall, 76 of the 136 patients with probable
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sarcopenia had a low AC. In the multivariate Cox model, a low AC was predictive of
6-month mortality (aHR = 2.81 [95%CI: 1.3–6.2]; p-value = 0.01). The effect was stronger in
the metastatic group (Supplementary Table S1). The model’s C-index was 0.77 with AC
and 0.71 without.

Nutrients 2023, 15, x FOR PEER REVIEW 10 of 15 
 

 

 

Figure 3. Multivariate Cox analyses of the association between two composite variables for sarco-

penia and 6-month mortality, by metastatic status: (A). A composite variable corresponding to the 

EWGSOP2 definition of sarcopenia; (B). A composite variable that included the SARC-F in the def-

inition. 

The C-index and the K-concordance statistic were, respectively, 0.78 and 0.75 for the 

model with the EWGSOP2 composite variable, and 0.79 and 0.76 for the model including 

the SARC-F. Both models had a greater discriminative ability than the baseline model (C-

index: 0.76; K-concordance statistic: 0.73). The results did not change greatly after the ex-

clusion of patients who were not able to perform the TUG test (n = 61) (Supplementary 

Figure S2). 

3.4. Sensitivity Analysis 

Of the 640 patients with available follow-up data, 223 had an abnormal SARC-F score, 

and 136 of the 223 had low HGS (i.e., probable sarcopenia). In the multivariate Cox model 

of the population of 223 patients with an abnormal SARC-F, HGS was not predictive of 6-

month mortality (Supplementary Table S1). Overall, 76 of the 136 patients with probable 

sarcopenia had a low AC. In the multivariate Cox model, a low AC was predictive of 6-

month mortality (aHR = 2.81 [95%CI: 1.3–6.2]; p-value = 0.01). The effect was stronger in 

the metastatic group (Supplementary Table S1). The model’s C-index was 0.77 with AC 

and 0.71 without. 

4. Discussion 

The objectives of the present study of older patients with cancer were to (i) assess the 

prevalence of four EWGSOP2 criteria for the assessment of sarcopenia (namely an abnor-

mal SARC-F score, a low HGS, a low AC and a low PP), (ii) evaluate the relationships 

between these criteria and (iii) assess each criterion’s ability to predict 6-month mortality. 

The respective prevalences were similar and ranged from 35.2% (low PP) to 44.7% (a low 

AC). Most of the associations between the criteria were strong. More than 75% of the pop-

ulation presented at least one abnormal criterion. One-quarter of the patients presented 

sarcopenia (severe, in almost half of these cases). An abnormal SARC-F score, low HGS, 

and inability to perform the TUG test were independently associated with poor survival. 

When the criteria were combined in two composite variables (one based on the EWGSOP2 

consensus definition and the other including the SARC-F in the categorization), our re-

sults showed a graded relationship between worsening categories and a higher mortality 

rate in the study population as a whole and in patients with metastatic cancer. 

In the present study, the prevalence of probable sarcopenia was 44.6% (according to 

the EWGSOP2 definition, with low HGS) or 58% (according to the presence of an abnor-

mal SARC-F and/or low HGS). Only one other study (a study of patients with cancer hav-

ing undergone major surgery; mean ± standard deviation age: 58.7 ± 14.0, i.e., younger 

Figure 3. Multivariate Cox analyses of the association between two composite variables for sarcopenia
and 6-month mortality, by metastatic status: (A) A composite variable corresponding to the EWGSOP2
definition of sarcopenia; (B) A composite variable that included the SARC-F in the definition.

4. Discussion

The objectives of the present study of older patients with cancer were to (i) assess
the prevalence of four EWGSOP2 criteria for the assessment of sarcopenia (namely an
abnormal SARC-F score, a low HGS, a low AC and a low PP), (ii) evaluate the relationships
between these criteria and (iii) assess each criterion’s ability to predict 6-month mortality.
The respective prevalences were similar and ranged from 35.2% (low PP) to 44.7% (a low
AC). Most of the associations between the criteria were strong. More than 75% of the
population presented at least one abnormal criterion. One-quarter of the patients presented
sarcopenia (severe, in almost half of these cases). An abnormal SARC-F score, low HGS,
and inability to perform the TUG test were independently associated with poor survival.
When the criteria were combined in two composite variables (one based on the EWGSOP2
consensus definition and the other including the SARC-F in the categorization), our results
showed a graded relationship between worsening categories and a higher mortality rate in
the study population as a whole and in patients with metastatic cancer.

In the present study, the prevalence of probable sarcopenia was 44.6% (according to
the EWGSOP2 definition, with low HGS) or 58% (according to the presence of an abnormal
SARC-F and/or low HGS). Only one other study (a study of patients with cancer having
undergone major surgery; mean ± standard deviation age: 58.7 ± 14.0, i.e., younger than
our patients) combined both criteria in the definition of probable sarcopenia (i.e., the
presence of both an abnormal SARC-F result and low HGS) and found a prevalence of 6.3%
among the 111 older study participants (whose age was not defined) [32]. This prevalence
is much lower than ours—probably because Behne et al. (i) combined the two criteria and
(ii) studied relatively young candidates for major oncological operations and who were
therefore unlikely to have advanced disease and sarcopenia.

In our study, the overall prevalence of sarcopenia was 24.5%. Some researchers have
investigated the prevalence of sarcopenia in older adults or in patients with cancer (mostly
in patients undergoing surgical procedures [33–35]), but few have focused on older patients
with cancer. In a study that included 108 patients with cancer aged ≥60 (mean ± standard
deviation age: 70.6 ± 7.4; females: 52.3%, main cancer types: colorectal (27.8%) and gastric
(22.2%); advanced cancer: 54.6%), the prevalence of sarcopenia was 24.1% according to the
EWGSOP2 definition and 25.9% when using the calf circumference as a proxy for muscle
mass [36]. These prevalence values are very similar to those found in our study when
using the AC as a proxy marker of muscle mass. Furthermore, AC has been shown to
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have very good discriminative ability for muscle mass or sarcopenia [14–16]. In a study of
community-dwelling middle-aged and older adults, AC was strongly correlated (r ≥0.7)
with an appendicular skeletal muscle mass index and had very good discriminative ability
(vs. the EWGSOP2 as the reference standard) [14]. The sensitivity and specificity were,
respectively, 87.9% and 71.2% in men and 82.4% and 74.1% in women [14]. In a study of
411 community-dwelling adults aged 60 or over, AC was the best predictor (relative to
the EWGSOP2 definition, and ahead of calf circumference) of the presence of sarcopenia
(sensitivity: 100%; specificity: 77.34%) [15].

The four criteria used in the assessment of sarcopenia have been investigated with
regard to various health outcomes. The SARC-F score has been shown to predict mor-
tality in a variety of populations [17,32,37,38]. In a study of 256 older (age ≥60) adults
with various cancer types, an abnormal SARC-F score was independently associated with
worse overall survival (aHR = 2.98; 95 CI: 1.1–8.3; p = 0.04) [17]. In a study of 220 patients
with cancer undergoing major surgical procedures (mean age, 58.7 ± 14 years; includ-
ing 111 (50.5%) older patients), those with an abnormal SARC-F score and low HGS had
a higher risk of death (aHR = 5.8; 1.5–22.6; p = 0.011) [32]. Indeed, patients with low
muscle strength are at greater risk of adverse health outcomes and poor PP. In a recent
systematic review and meta-analysis of 25 studies encompassing 8109 older adults (aged
≥60) with various types of cancer, higher levels of physical function (TUG: HR = 0.40;
95%CI: 0.31–0.53; p < 0.001; HGS: HR = 0.61; 95%CI: 0.43–0.85; p = 0.004) were associated
with a lower risk of all-cause death when compared with lower levels of physical func-
tion [18]. Some researchers have investigated a low AC in older adults and found it to be a
better predictor than low calf circumference [19] of an elevated mortality risk [39,40]. To
the best of our knowledge, the predictive value of a low AC has not been studied in older
adults with cancer.

In the present study, we found that two composite variables with increasing risk
classes had a graded relationship with 6-month mortality (p < 0.0001) in the overall study
population and in the subgroup of patients with metastatic cancer. Sarcopenia in cancer
is caused by systemic, cytokine-mediated inflammation, which in turn creates a catabolic
state with a net loss of skeletal muscle tissue. Consequently, a gradual, generalized loss
of skeletal muscle can be observed as the cancer progresses [41]. Partly in contrast to our
present results, a systematic review of eight studies encompassing a total of 5744 patients
with breast cancer found that sarcopenia also had a negative effect on overall survival
in patients with non-metastatic cancer [5]. In our study, the low number of events in the
non-metastatic group might have led to a lack of power for the detection of a statistically
significant association between sarcopenia and mortality. Longer-term follow-up might be
more appropriate in this group of patients.

When applying the EWGSOP2′s algorithm, we did not find that HGS provided addi-
tional predictive value for 6-month mortality among patients identified as being at risk of
sarcopenia by the SARC-F score. This might be due because the SARC-F captures data on
the patient’s strength by asking whether they have difficulty lifting and carrying a 10-pound
(4 kg) objects. In the multivariate analyses, the SARC-F and the HGS gave similar HRs in
the overall study population. In contrast, a low AC provided additional predictive value
for 6-month mortality in patients with probable sarcopenia. A diagnostic confirmation in
patients with probable sarcopenia is therefore important for the prognosis.

4.1. Strengths and Limitations

NutriAgeCancer is a large, nationwide survey that included patients with various
cancer types and stages and collected data on a great variety of geriatric and oncologic
variables. To the best of our knowledge, our study is the first to provide a detailed
description of the various criteria involved in the EWGSOP2 consensus assessment of
sarcopenia in a population of older cancer patients. Furthermore, we evaluated the ability
of two composite variables for sarcopenia categorization (one according to the EWGSOP2
and another including the SARC-F) to predict 6-month mortality. Our study also had some
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limitations. Selection bias was possible because all the study participants had been referred
for GA. Lastly, we did not measure muscle mass directly (e.g., with dual-energy X-ray
absorptiometry or bioelectrical impedance) and so were unable to compare our proxy model
(arm circumference) with direct measurements. Other relevant anthropometric measures
for muscle mass such as the calf circumference was not available in our database, either.

4.2. Implications for Practice

Despite the growing body of evidence for sarcopenia’s ability to predict death, this
variable’s applicability in clinical practice is limited by the complexity of its diagnosis and
the measurements of each component criterion. Screening for sarcopenia with alternative
(anthropometric) methods might therefore be of value when precise muscle mass measure-
ments are not available. Our present results show that the anthropometric measurement of
sarcopenia was strongly predictive of 6-month mortality in older patients with cancer.

Furthermore, although EWGSOP2’s recommendations and results from several studies
have increased awareness of sarcopenia and its risks for adverse outcomes, thus promoting
early detection, little evidence and recommendations concerning treatment for sarcopenia
are available specifically to older patients with cancer. Clinical trials investigating interven-
tions including nutrition and exercise are needed in order to stablish consensual guidelines
in this population.

5. Conclusions

Each of the four EWGSOP2 consensus criteria for sarcopenia (case finding, assessment,
diagnosis, and severity determination) were highly prevalent in our study population of
older patients with cancer. Sarcopenia was present in one-quarter of the patients and was a
strong predictor of 6-month mortality in patients with metastatic cancer.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/nu15061508/s1, Figure S1: Study flow chart;
Figure S2: Multivariate Cox analyses of the association between two composite variables for sar-
copenia and 6-month mortality in patients with metastatic cancer who were able to perform the
TUG test: A. A composite variable corresponding to the EWGSOP2 definition of sarcopenia; B. A
composite variable that included the SARC-F in the definition; Supplementary Table S1. Multivariate
Cox analyses of the association between low hand-grip strength and low arm circumference and
6-month mortality in in the subpopulations defined by the EWGSOP2 algorithm, overall and by
metastatic status.
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